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) Section A : Structural Analysis + CPM Pert

Q.1(a)

Explain the concept of Resource Levelling in Construction Project Management. How is
it different from Resource Loading?
[12 marks]
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Q1(b)
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In an industrial facility located in Chennai, a heavy machinery platform is supported by
a rigid horizontal floor system with a total weight of 222,411.08 N. The supporting
structure consists of three ISMB columns, each having a clear height of 3.658 m. The two
outer columns are ISMB 200 sections with pinned base connections, while the central
column is an ISMB 250 section with a fixed base connection. The modulus of elasticity of
steel is E = 210 GPa and acceleration due to gravity is g = 9.81 m/s2. Neglecting the mass
of the columns, determine the natural frequency of horizontal vibration of the platform.
Take, for ISMB 200, I = 2235 cm?,
for ISMB 250, I = 5131.6 cm*
%
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Q1(g)

of the maximum positive bending moment occurring in the arch.

|G b
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A three-hinged parabolic arch has a span of 34 m and a rise of 12 m. It carries a point
load of 15 kN at the quarter-span position, which is located 8.5 m from the left support.
Calculate the vertical and horizontal reactions at the supports, also calculate the values

[12 marks]
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Q1(d)

A cable is suspended between two supports A and B, which are at different levels. Support
A is at the origin (0, 0) and support B is located at a horizontal distance of 60 m and a
vertical height of 10 m above A. The cable carries a uniformly distributed load of
5 kN/m along the horizontal span. The lowest point of the cable (the vertex) is known to
be at a vertical distance of 5 m below support A. Determine the horizontal and vertical
reactions at both supports and calculate the maximum and minimum tension in the cable.

Ve (12 marks]
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Q1)

The train of wheel loads as shown in figure roll over from left to right along a girder of
span 10 meters. Find out the maximum bending moment which can occur at section 4 m
from the left end of the girder.

—_—

I00kN 75kN  150kN  25kN

bosmd 10m 4 12m &

A ) B
10 m
[12 marks]
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Q.2(a)

A continuous beam ABCD having a total span length of 12 m is subjected to loading as
shown in the figure. The beam is to be analysed using the slope deflection method
considering that certain support movements occur simultaneously. Support A undergoes

a rotation of 51)6 Radians in the clockwise direction. Support B experiences a vertical

settlement of 15 mm downward, and support C undergoes a vertical settlement of 10 mm
downward. Draw the bending moment diagram.

(Take EI = 764 kN-m?)

4 kN 2 KN/m 3 kN
A ] ] B/YV(/VV\C J It D
| A e
f-2.5 m—=t2.5 m— 3m f=-2 m—++«2 m—~

[20 marks]
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Q.2(b)| Write short notes on the following terms related to the tendering and contract process:
Notice Inviting Tender (NIT)
Earnest Money Deposit (EMD)
Bid Security

Performance Guarantee

Letter of Acceptance (LOA)
Mobilization Advance
Variation Order

Defect Liability Period (DLP)

. Liquidated Damages (LD}

10. Escalation Clause

O N oG N

[20 marks]




MADE ERSY Question Cum Answer Booklet

Page 14 of 73

Do not
write in
this margin




MADE ERSY Question Cum Answer Booklet

Page 15 of 73

Do not
write in
this margin




MBDE ERASY Question Cum Answer Booklet

| Page 16 of 73

Do not
write in
this margin

Q.2 (q)

(1)

Write the Fulkerson’s numbering rules of nod-numbering in context of network

diagram.

(if) A small project consists of certain activities with the following details:

Preceding event | Succeeding event | Optimistic time | Most likely time| Pressimistic time
node number node number (in weeks) {(in weeks}) (in weeks)

1 2 10 12 20

1 4 5 15 19

2 3 10 15 26

2 7 15 20 25

3 6 5 10 15

4 5 4 8 12

5 6 5 10 15

6 8 i

7 6 2 6

(a) Draw the network, find critical path, the expected completion time of project.

(b) What project duration will have 95% confidence of completion. The values of Z
and corresponding probability are given in the following table.

Z 1.0

LIS A2,

an (520

3.0

Probability%

84.13

86.43

88.9

93.92 | 97.92

99.87

[5 + 15 marks]
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Q.3(a) | Determine the member forces in the pin Jointed truss shown below in the figure. Take
the area of each member as A and the modulus of elasticity as E. Make use of symmetry.

25 kN 50 kN 25 kN
C D \LE_l_
5m
A X
F B
fe——5m } 5m |
[20 marks]
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Q.3(b)| Analyse the plane box frame (by moment distribution method) shown in the figure.
Also draw the bending moment diagram.

60 kN
B | C
? |
I I} 25m
: |
A D
12 kN/m
fo—25 m—=f=—25m——+

[20 marks]
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Q.3(c) | The initial cost of an equipment is Rs. 2200, the salvage value is Rs. 200, and the useful
life is 4 years. The rate of interest is 10%. Calculate the yearly depreciation and book
value at the end of each year by

(Solve in table format)

(i) Straight-line method

(i) Declining balance method
(iii) Sum of years digits method
(iv) Sinking fund method

[20 marks]
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Q4(a)

Develop the stiffness matrix for portal frame ABCD with reference to the coordinates

shown in figure.

®

®

®

/\
\|B 41 T
I
10m 47 .
v gt

g

D

10m

[20 marks]
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Q.4(b) | The cost and benefit details for two alternative schemes A and B are given. Scheme A
requires an initial investment of 15 lacs, has an annual running cost of 2 lacs, and provides
an annual benefit of 4.5 lacs starting after 1 year for a total life of 6 years. Scheme B
requires an initial investment of 25 lacs, has an annual running cost of 2.5 lacs, and
provides an annual benefit of 6.2 lacs starting after 2 years for a total life of 12 years.
Taking the rate of interest as 12%, determine the most economical proposal using the
present worth method.

[20 marks]
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Q4 (o)

(i)

(i)

A vibrating system consists of a mass m = 5 kg and a spring with stiffness
k = 4500 N/m. The system is viscously damped such that the ratio of two consecutive
amplitudes of vibration is 1.00 to 0.85. Determine the natural frequency of the
undamped system, the logarithmic decrement, the damping ratio, the damping
coefficient, and the damped natural frequency.

Briefly describe the various factor affecting the output of power shovel to excavate
the earth.
[12 + 8 = 20 marks]
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Section B : Flow of fluids, hydraulic machines and hydro power-1

+ Design of Concrete and Masonry Structures-2

Q.5(a) | A U-tube has a constant internal diameter of 10 mm. The left leg is vertical, while the
right leg is inclined at an angle of 30° to the horizontal. Initially, the tube contains mercury
(SG =13.6) such that the vertical height of mercury in both legs is 120 mm. If 15.0 mL of
water is poured into the inclined right-hand leg, determine the vertical height of the

mercury levels in both legs.
[12 marks]
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Q.5(b)

A sphere 3 cm in diameter and of relative density 2.5 is attached to a string and is
suspended from the roof of a wind tunnel. If an air stream of 25 m/s flows past the
sphere then determine the inclination of the string to horizontal and the tension in the
string. (Neglect the weight and drag of the string).

[Take : Mass density of air, p
v, =140 x10° m?/s.]

=1.25 kg/m? kinematic viscosity of air,

air

Coefficient of drag

e 0.5 for 10* <R, <3x10°
P l02forR, >3x10°

[12 marks]
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Q5 (9

Explain with neat sketches about Freyssinet prestressing system. Also discuss its

advantages and disadvantages.
[12 marks]
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e MRDE ERSY4Y Question Cum Answer Booklet

Q.5(d)| A rectangular gate of dimensions 6 m x 3 m is hinged at its base and inclined at an angle
of 45° to the horizontal. To maintain the gate’s stability, a counterweight of 6000 kgf is
attached to the top edge of the gate through a cable and pulley system. Determine the

depth of water h at which the gate is just on the verge of falling. Neglect the self-weight
of the gate and friction in the system.

6000 kgf | W 900255
M

[12 marks]
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Q5)
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A pipeline carrying water has a 45° reducing bend in a horizontal plane. The
crosssectional area at the inlet of the bend is 1.2 m? and at the outlet is 0.6 m% The
pressure at the inlet is 50 kN/m? while at the outlet it is 25 kN/m? The discharge
through the pipe is 6 m3/s. Taking the density of water as 1000 kg/m?, determine the
magnitude and direction of the force required to hold the bend in position.

1
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Q.6(a)

The difference in water surface levels in two tanks connected by three pipes in series of
lengths 300 m, 170 m, and 210 m with diameters 300 mm, 200 mm, and 400 mm
respectively is 12 m. The coefficients of friction for the three pipes are 0.005, 0.0052, and
0.0048 respectively. Determine the rate of flow of water considering-

(i) Minor losses

(ii) Neglecting minor losses.

Also calculate the percentage error in discharge estimation.

[20marks]
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Q.6 (b)

(i) Whatis thrust line (C-line) in prestressed beam? Explain its significance with respect
to kern.

(ii) A prestressed concrete beam of rectangular section 300 mm wide and 600 mm deep
spans over 10 m. The beam is prestressed by a parabolic cable carrying an effective
force of 1000 kN. The cable has an eccentricity of 50 mm above the neutral axis at the
supports and 150 mm below the neutral axis at mid-span. The beam supports a
uniformly distributed live load of 10 kN/m in addition to its self-weight (density of
concrete is 24 kN/m?). Calculate the position of the thrust line (C-line) relative to the
cable profile at intervals of 2.5 m along the span Based on the position of C-line also

draw the locus of C-line.
[5 + 15 = 20 marks]
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Q.6 ()

(i) Derive the equation of pressure in vortex motion. Prove that the isobars in forced
vortex motion are parabolic in nature and also prove that the volume of paraboloid

formed is half the volume of circumscribing cylinder.

(i) A 15cm diameter vertical cylinder rotates concentrically inside another cylinder of

diameter 15.10 cm. Both cylinders are 25 cm high. The space between the cylinder is
filled with a liquid whose viscosity is unknown. If a torque of 12 Nm is required to
rotate the inner cylinder at 100 rpm, then determine the viscosity of the fluid. Assume

linear velocity profile within the thin oil film.
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[10 + 10 = 20 marks]
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Q7 (a)

()

(ii)

A head of water of 6 m is maintained over an orifice of 150 mm diameter. The water
issuing from the orifice is collected in a circular measuring tank of 2.5 m diameter,
where the rise of water level is observed to be 0.5 m in 25 sec. The coordinates of a
point on the jet measured from the vena contracta are 120 cm horizontally and 6.5 cm
vertically. Determine the hydraulic coefficients of the orifice, namely the coefficient
of discharge, coefficient of velocity, and coefficient of contraction.

Consider a laminar boundary layer where the velocity profile is approximated by

the expression
2
U Y ¥
— = 2 e R
A

Here, u represents the velocity in the x-direction at a distance y from the boundary,
8 denotes the boundary layer thickness, and u_ is the free stream velocity. Determine
the ratio of the displacement thickness to the boundary layer thickness for this specific
parabolic profile. Also work out the momentum thickness.

[10 + 10 = 20 marks]
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Q.7(b)| (i) A solid wooden cylinder of diameter 400 mm and length 600 mm has a specific
gravity of 0.6. The cylinder is placed vertically in water so that its longitudinal axis
remains vertical while floating. Determine the metacentric height of the cylinder
and state whether the equilibrium is stable or unstable.

(ii) A simply supported post-tensioned concrete beam of 10 m span, 230 mm wide and
400 mm deep is prestressed with a straight cable having a cross-sectional area of
385 mm? located at 60 mm from the soffit of the beam. The cable is subjected to an
initial stress of 1200 N/mm? at the one jacking end. Estimate the total percentage
loss of prestress.

Use the following data:
Modulus of Elasticity of steel (E) = 2.1 x 10° N/mm?

Grade of concrete = M50 (E, = 5000 \/E )

Relaxation of stress in steel = 4.5%

Shrinkage strain of concrete = 0.0003

Creep coefficient of concrete (¢) = 1.6

Friction coefficient for wave effect (k) = 0.0025 per metre

Slip at anchorage = 2 mm
[8 +12 = 20 marks]
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Q.7(0)

Design a simply supported reinforced concrete slab for a clear room dimension of 4.0 m
x 10.0 m. The slab is supported on masonry walls 350 mm thick. The slab is subjected to
a live load of 3 kN/m? and a floor finish load of 0.75 kN/m?. Use M-25 grade concrete
and Fe-415 grade steel. Perform all necessary design checks, including shear and
deflection, to ensure structural safety and serviceability. Assume any other data suitably.
Relevant chart from IS 456 is enclosed here.

100 A
det 025| 05 |075| 1.0 |1.25 | 150 [ 1.75
1.(MPa) | 0.36 | 049 | 0.57 | 0.64 | 0.70 | 0.74 | 0.78
2‘0 \\
'\
1.6 \ \ \
= y v
e ° \
=4 [ N N \ ) ) (5,12
0
£ 12 \\ %4\__&_
z \\'\.x ] fas190 —T—t—
.3 [ b P 40 ]
2 08 X~ {3290
5
g
o4 Note: 14 IS STEEL STRESS OF SERVICE
LOADS N Njmm?
0 04 o8 12 16 2:0 24 8 3

PERCENTAGE TENSION REINFORCEMENT

[20 marks]

= 2%0-20 — 6 = 20{mm
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Q.8(a) | A Vertical cylindrical tank of 2 m diameter initially contains water up to a height of 1 m.
Water enters the tank at a constant rate of 0.15 m?/s through an inlet pipe, while it
simultaneously discharges through a sharp-edged orifice of 150 mm diameter provided
at the base. The coefficient of discharge of the orifice is 0.62. Determine the time required
for the water level to rise from 1 m to 3 m.

[20 marks]




MADE ERSY4Y Question Cum Answer Booklet

Page 65 of 73

Do not
write in
this margin




MBDE ERSY Question Cum Answer Booklet

Page 66 of 73

Do not
write in
this margin

Q.8(b)

A solid interior RCC slab panel 5-1 with effective spans L, = 3.5 m and L,=525m forms
part of a floor system as shown in the figure below.

I T T T 1
35m 35m 35m 3.5m

T

5.25m

'

525m

i

525 m

i

5.25m

]

Centre line
Top plan of
slab panels.

The slab carries a total design load of 25 kN/m?. Using the Limit State Method as per IS
456: 2000, determine the spacing of all main reinforcements using 10 mm diameter HYSD
bars throughout. The effective depth of slab may be assumed as 150 mm. Concrete grade
is M25 and steel grade is Fe 415. Check spacing limits and specify the vertical placement
of reinforcement. Shear check is not required.

1S 456 : 2000

Table 26 Bending Moment Coefficients for Rectangular Panels Supported on
Fout Sides with Provision for Torsion at Corners

{Clauses D-1.1 and 24.4.1}

Case Type of Panel and
No.  Mements Considered

th

(V3]

Intenine Panelt:
Negpative moment af continuous odge
Prmtisve Inoinent o med-span

Unie Short Edge Cimtinuour;
Negalive moment i« continuous edge
Positive tnoment ot imad-span

(e Lomy Edye Discontinpous.
Negative ammenl af contnuus odge
Positive thomnent at mid-span

Twn Adguvent Ediees INsconiinunay
Nepaiive momenl a2 contingous edpe
Poative inonment ul mid-span

Tuis Short Edpes Drscomtinuout:
Negative toment o continunns edpe
Puative mument 3l mud-span

Towse Lemg Felpzes Dhevontinvout
Negative moment 2 conlimimus edge
Praative iennent ot inid-xpan

Three Edpes Dasoontimumis

(e | omyge Edpe Continueus):
Nupative inment of conlinuows edge
Pusstave pnoment al imid-xpan

oo Edges Dixoontigmen s

18 vy Shoort Faliee (onisnmens) |
Negative imvnent 2 goatinuous edge
Prative momen! it mid-span

Fomy Edges Diveontimueuy.
Pusitsve mosnent at md-<pan

Short Span Caeffickents a, Long Spen
(Valves eﬁ,H.l Coecffickents
a for All
ru—— —, Valoe of
10 1.1 17 13 14 1.8 175 0 l,fl.
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TABLE 3 FLEXURE — REINFORCEMENT PERCENTAGE, ;i FOR SINGLY

REINFORCED SECTIONS

fox = 25 Nimm#

1
MyJbd, fe iiim‘ M, S Nimm
{! 3 ¥ t I N
Nimay 250 41 430 son | Mmed Ty 250 415 480 500
GX 0146 014 008 0073 0070 | T3S 1418 1358 OBtE GT08 0679
Q35 ot 0164 0099 o085 0382 260 448 1-390 0837 0724 0695
o0 0193 o188 o) 0098 Q0 163 1-4582 1422 o837 074t 71}
[1 7 & 0220 211 017 110 0106 270 1515 1-455 0816 0758 [rr 4
G50 0r245 236 0142 Q123 orid 278 1549 1°487 fid ) o175 0744
oss o271 0-260 0156 D135 0130 280 1-584 1-520 ovl6 o792 o760
oad 0284 0171 0148 0142 2-45 1-618 1-534 o936 o209 o-7r!
63 o321 o0y [ig¢..] bl Orisd 290 1'651 1-587 0548 rs27 o794
oTQ o7 03313 o201 o174 0167 2495 1-689 62§ o577 o844 o811
075 14 ¥X] o138 [ 2313 186 0179 100 14724 1-65% 0997 {rse2 OB28
OrED o399 0183 0231 0199 o181 3108 1'780 1690 1018 0-E80 0845
085 (1 4] 0408 0246 022 0-204 ¥10 1-79% 1-72% 1039 0893 0863
[+3>] 0451 Q433 0261 0225 0256 Jis 1844 1-76Q 1-061 a7 0880
or9s o o458 0276 0239 0229 120 1-811 1796 1-Du2 0936 o398
100 0504 048] G2 0252 0242 | 325 19 1831 1108 984 0916
105 O30 oS 037 0265 0285 | 330 ©%T 1869 1126 Q973 D93
1:10 0-557 0335 0322 02719 0267 332 1:962 1-884 17135 0981 0942
115 0384 0S61 0338 0292 0280 | 334 1978 1699 Iidd 0989
1M 081 05T 038 0306 0293 | 36 1993 19l 1an
125 Q618 réid 0369 0319 0306 3-3% 2-009 1929 1-142
130 0666 063 0185 033 030 | 140 2025 194 147
135 frd i k] o 0-401 o7 0-3133 142 2040 1-959 118D
140 om1 082 0417 0360 06 | 46 2056 |97 D189
1-45 o749 oY ¢41] 0-374 0159 146 20712 1949
150 OTTT M6 a9 08B 0373 | a8 20BE 2005
1-1% 0305 o773 466 O-803 0-387 ¥-5 2104 2
160 034 0800 0-482 0417 0400 382 ra i) 2016
1-6%5 Cc-862 it 0-499 4y a4 144 217 24051
110 (331 OrBS6 o518 Drdsb 0423 346 2-153 2-057
1-73 o920 og:4:3 ] G532 0460 U442 358 2170 2083
180 Q349 95l G-549 478 0456 350 2'186 2-099
1-8% 0940 566 0-439 o470 yé62 203 pa 4]
190 1009 0968 033 04 0484 | 364 2219 2131
193 1038 097 el 0319 0498 | Y65 2236 2147
300 1068 1026 0618 0SM  0Si3 | 368 1351 216
205 109 1055 065 03 G527 | 370 00 W
210 1-129 1084 0-653 0365 0-542 ¥z 2287 2196
215 L0 L4 067 0380 0357 | 174 2304
220 1191 1143 0589 0596 0572
225 1222 1 1 0dll 0T
230 1254 124 0725 667 0602
2:38 1-283% 124 0743 0543 0.617
240 1"M7 1-265 0762 0659 0632
245 1350 1-296 o781 0675 0-648
230 1982 1927 0 069l 4s6)
NOTE — Blanks indicate inzdmimsidle remforoement peromtage (see Table E).

[20 marks]
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2.8(c)

Air flows over a flat plate of 6 m length and 1.5 m width at a free-stream velocity of
6 m/s. The density of air is 1.205 kg/m? and the dynamic viscosity is 1.81 x 10~ Pa-s.
Assume The flow undergoes transition to turbulent flow at a critical Reynolds number
of 5 x 10°. Determine the total drag force acting on one side of the plate. Assume the
flow occurs along the length of the plate.

(115’_)20% (For laminar flow)
Take, coefficient of drag, Cp, = 0 874
W (For turbulent flow)
(4

[20 marks]
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